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PREFACE

This investigation was conducted to assess the performance of recycled
asphalt concrete (AC) airport pavements. A previous study in this related
area, sponsored jointly by the Federal Aviation Administration (FAA) and the
United States Navy, concluded through laboratory experiments that aged AC
airport pavements can be recycled into new surface courses. The results of
that study were reported in FAA-RD-78-58: Recycling of Asphalt Concrete
Airfield Pavement - A Laboratory Study. Since the completion of that work, AC
pavements at five airports have been recycled into surface courses. This
report documents the performance of two of those recycled pavements; the
runway at Needles, California and the taxiway at Valley City, North Dakota.

This research effort was sponsored by the FAA throught Inter-Agency
Agreement DTFA01-83-Y-30593. During the conduct of this investigation,
Mr. Fred Horn and Mr. Hisao Tomita were the Technical Monitors for the FAA.

The authors extend their appreciation to the following individuals and
firms: Stuart Dykins and Kent Hansen of Harding Lawson Associates who per-
formed the pavement evaluations at the two airports and Jerry Bland of Pioneer
Consultants and Roger Lee of Veigel Engineering who provided information on
the reconstruction of the airport pavements at Needles and Valley City respec-
tively.
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EXECUTIVE SUMMARY

The objective of this research was to make an assessment of the relative
performance of recycled versus new asphalt concrete pavement surfaces con-
structed for airport facilities. To make this assessment, pavement condition
index (PCI) surveys and tests on core samples from the hot-mix recycled pave-
ments located on the airports at Needles, California and Valley City,
North Dakota were conducted. Both pavements have a condition rating of very
good. The survey and test data were compared with those for recycled highway
and virgin material Navy airfield pavements. The recycled pavement at Needles
is performing as good as those Navy pavements constructed with virgin material.
The recycled pavement at Valley City has a higher deterioration rate than the
Navy pavements but this could be attributed to the harsh climate found in
North Dakota. The results of this study show that hot-mix recycling was
successful at these airports but additional studies are required to determine
the applicability of Asphalt Concrete (AC) recycling for reconstruction at all
airports.
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INTRODUCTION

Objective

The objective of this research was to make an assessment of the
relative performance of recycled Asphalt Concrete (AC) compared to new AC

surface courses in airport pavements.

Background

In the late 1970's recycling evolved as an alternative for recon-
structing airport AC pavements. In 1979, a laboratory study prepared for
the Federal Aviation Administration (FAA) on recycling of AC airport pave-
ment concluded that aged AC can be hot-mix and cold-mix recycled into
mixtures with properties conforming to Navy and FAA specifications for new
AC mixes . Design procedures and guidelines for recycling AC pavements
were established in Reference 1.

Contacts with FAA Regional offices provided data on projects that have
incorporated recycled AC pavement in reconstruction. Numerous recycling
projects have been completed on apron, taxiway, and runway pavements.
Projects incorporating aged surface material recycled into new surface
material were the only airports considered for this study. Recycled
materials were used for pavement surfaces at five airports in the Great
Lakes and Western/Pacific Regions. Other projects incorporated recycled
material into base courses (Table 1).

The performance of recycled AC surface courses is unknown under actual
field conditions since this practice is relatively new. Surfaces that
incorporated the recycled AC are only 5 years old or less. To determine
if this material was maintaining an acceptable condition, the Naval Civil
Engineering Laboratory (NCEL) performed the following: (1) a pavement
condition index survey (PCI) following the guidelines and procedures set

2forth in FAA Guidelines and Procedures for Maintenance of Airport Pavements
(2) a comparison of the PCI's of the recycled AC at a specific age with
that of pavements constructed with virgin material, (3) laboratory tests on
core samples, and (4) a comparison of recycled pavement properties with
those of other recycled pavements. .-. ,

'Federal Aviation Administration. Report No. FAA-RD-78-58: Recycling of
asphalt concrete airfield pavement - A laboratory study, by R.B. Brownie
and M.C. Hironaka. Washington, D.C., Naval Civil Engineering Laboratory,
May 1979. (DOT-FA77WAI-704)

2 U.S. Department of Transportation, Federal Aviation Administration.

AC No. 150/5380-6: Guidelines and procedures for maintenance of airport
pavements. U.S. Government Printing Office, Washington D.C., Dec 1980.
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TEST SITES

Location

Three criteria were used to select the sites where the PCI surveys
were conducted: (1) hot-mix recycling of the old into new surface course,
(2) high proportion of recycled material to virgin material, and (3) differ-
ing climates. Two extreme climatic conditions and maximum use of recycled
materia- were desirable.

The sites chosen were Runway 2-20 at Needles Airport in Needles,
California and a Taxiway at Barnes County Municipal Airport in Valley City,
North Dakota. Needles airport has a hot and dry climate. The recycled mix
proportion on the runway was 50 percent recycled and 50 percent virgin
material. The Valley City airport is in a cold and wet climate. The
recycled surface mix proportion used on the taxiway was 70 percent recycled
and 30 percent virgin material. Figures 1 through 4 show the average
monthly high and low temperatures and total precipitation for both airports
since reconstruction was completed. These figures show average temperature
extremes of 40 to 110 *F at Needles and -20 to 90 'F at Valley City. Needles -
airport has recorded 26 inches of rain since completion of reconstruction
in 1981 while Valley City has recorded 98 inches of rain since 1980 and 127
inches of snow since November 1981.

Both airports serve approximately 20 aircraft per day. Most aircraft
at both airports are small single-engine aircraft. Needles has occasional
small private jets along with some heavier military aircraft, but both
occurrences are low in number.

Needles Airport Reconstruction and Maintenance

In November 1980, C.M. Engineering Associates investigated Needles
Airport to determine the condition of the existing pavement and to prepare
recommendations for the overlay3. In general, the entire pavement had
large block cracking and the pavement had shrunk and warped significantly.
There was no evidence of subgrade failure, base failure, or failure due to
overloading. Field sampling concluded the asphalt thickness on Runway 2-20
to be 5-1/2 inches and the average asphalt cement content of 5.8 percent by
weight. The gradation fell within the limitations of the gradation for

4
3/4-inch maximum aggregate material under P-401 of the FAA Specifications
The unit weight was calculated to be 135.6 pounds per cubic foot. This
investigation concluded that recycling would be the most suitable for
providing a smooth pavement and reducing reflective cracking to a minimum.
The investigation also concluded that reconstruction of the old pavement
would be by hot-mix recycling.

3C.M. Engineering Associates. J. N. 273-055: Needles Airport Overlay, Seal %
& Mark Runways 2-20 & 11-29 and Parallel Taxiways, Needles, California,
ADAP No. 5-06-0164-01, by Pioneer Consultants. Redlands, Calif., Nov 1980.
4Federal Aviation Administration. P-401, AC No. 150/5370-10: Advisory
circular, standards for specifying construction of airports. Washington,
D.C., Oct 1974, pp 107 - 124-8.

2
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Reconstruction of Runway 2-20 was completed in July 1981. Two inches
of the old runway was removed through a cold planning process and the
salvaged material was stockpiled. A 10,000-pound Standstill conventional

batch plant that was set up for a nearby highway project was used. The
drum size of the plant was 9 feet in diameter by 36 feet long with a produc-

tion rate of 350 to 400 tons per hour. A mix proportion of 50 percent

recycled material and 50 percent virgin aggregate was used. The virgin
material was first heated in the batch plant to 600 'F and old material
was then added. Finally, AR 2000 was added as the bituminous material.
Test results during reconstruction showed that the asphaltic concrete

layer had an average asphalt cement content of 7.1 percent, layer thickness
of 2.5 inches, unit weight of 144.9 pounds per cubic foot, and aggregate I
gradation as follows

Sieves 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200

% Passing 99 92 83 67 53 41 30 19 12 8

A fog seal was applied to the pavement surface in 1985. The fog
seal. was scheduled for I year after reconstruction to help keep raveling
to a minimum but was postponed until raveling became evident.

Valley City Airport Reconstruction and Maintenance

The consulting engineer's report for the reconstruction project stated

that the pavement at the Valley City airport was over 30 years old 6 . The
material was suitable for recycling and chosen to be the best alternative.
Tests were performed on pavement samples prior to the reconstruction but

the results could not be located.
Reconstruction of the taxiway, runway, and parking apron was completed

in August 1980. The old material was removed with a milling machine down
to the base course. The salvaged material was stockpiled at the airport.
A 1979 Cedarapids recycling plant, Model 7224 ADM (drum within a drum)
was assembled at the site. The drum size was 72 inches In diameter by 24

feet long with a production rate of 150 to 175 tons per hour. A 70 percent
recycled material and 30 percent virgin aggregate with 200 to 300 penetration

grade asphalt cement were mixed in the recycling plant. The recycled
hot-mix was placed with a conventional paving machine. The contractor

had some problems with the recycling plant due to the drum clogging and

C.M. Engineering Associates. J. N. 273-065: Final materials inspection

report on resurfacing of Runway 2-20 & Taxiways, Needles Airport, Needles,
California, ADAP No. 5-06-0164-01, by Pioneer Consultants. Redlands,

Calif., Aug 1981.

6Veigel Engineering, P.C., Consultants. Final Engineer's Report, Barnes
County Municipal Airport, Valley City North Dakota, ADAP No. 5-38-0053-01,

by Ervin M. Krank. Bismarck, N.D., Feb 1982. "
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chutes plugging with the recycled material. Actual asphalt content, unit
weight, and gradation of aggregate during the reconstruction are not avail-
able but the engineer's final report indicated the properties of the AC
mix to be within FAA Specification P-4014.

Maintenance since reconstruction includes chip sealing, and crack
routing and filling. A chip seal (3/8 minus aggregate) was placed immedi-
ately after reconstruction. Crack filling with asphalt cement was completed
in 1981, 1982, and 1983. Crack routing and filling with rubberized asphalt
was done in 1984 and 1985.

Present Surface Conditions

The Naval Civil Engineering Laboratory contracted with Harding Lawson
Associates to perform PCI surveys of both Needles and Valley City airports7

Figures 5 and 6 show the overall view of Runway 2-20 at Needles Airport and
the taxiway at the Valley City airport, respectively. 9V

Figure 7 illustrates the layout of Runway 2-20 and location of condition
survey sample units and test cores. Seventeen of the 72 sample units
were surveyed. PCI values ranged from 80 to 88 with the average being 85 %
(see Table 2). The overall rating of the pavement is classified as very I
good in accordance with FAA Guidelines

2 . The major distresses observed at

Needles Airport were longitudinal and transverse cracking and raveling both
of low severity. A typical view of the defects is shown in Figure 8. The
primary distress mechanism is climatic effects on material durability.

Figure 9 illustrates the layout of the Valley City taxiway and the N
location of sample units and test cores. All eight of the sample units
representing the entire area of the taxiway were surveyed, and PCI values
were calculated. PCI values ranged from 71 to 77 with an average of 75
(see Table 3). The ovrall rating of the pavement is classified as very
good in accordance with FAA guidelines2 . Primary pavement distresses at
the Valley City Airport were longitudinal and transverse cracking of the
recycled AC and raveling of the aggregate seal. Both distress types are
of low severity. A typical view of the defects is shown in Figure 10.
The primary distress mechanism is climate and material durability.

TEST RESULTS

Comparison of Recycled Pavement Properties

Laboratory tests including Marshall stability and flow, resilient
modulus, indirect tensile, Lottman water susceptibility, and asphalt content
and properties were conducted on the core samples taken from Needles and
Valley City Airports 7. A brief description of the test procedures is
provided in Appendix A. Tables 4, 5, and 6 show the test results. For
comparative purposes, physical test properties of cores from highway recycled
AC pavement projects of 1 to 5 years of age are shown in Table 7.

Harding Lawson Associates. J.N. 2176,066.05: Pavement evaluation Needles,
California, Airport Runway 2-20 and Valley City, North Dakota, Airport
Taxiway, by Kent Hansen and Stuart Dykins. Reno, Nev., Oct 1985. (NCEL

P.O. No. 85M-R141)

4
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Marshall stability and flow values are measures of a mixture's ability
to resist plastic flow. The test method is an integral part of a mix design
procedure used for selecting asphalt binder contents for asphalt-aggregate
mixtures. Marshall stability and flow values at Needles Airport are higher
than those obtained on the highway recycling projects listed in Table 7.
The high Marshall stability value of 3,160 pounds may be the result of rapid
aging under the hot, dry climate or the use of a less effective recycling
agent. Flow values are generally high in recycled mixtures but the excep-
tionally high value of 0.27 inches coupled with the high average density of
146.8 pcf at Needles Airport indicates an excess of binder. The Valley
City Airport Marshall stability value of 773 pounds is lower than most of
the highway recycled projects. This low stability is indicative of a soft
binder and the high air voids indicate a somewhat lower compaction (the
average density was 135.7 pcf). The flow value of 0.21 inches is typical
of values found in other recycled projects.

Resilient modulus is a measure of the ability of the pavement structure

to distribute traffic loads and is approximately equal to the elastic modulus.
Resilient modulus values at Needles are considerably higher than those on

highway recycled projects, which indicate a very stiff mixture. This type
of pavement can expect transverse and longitudinal cracks and surface raveling
of fine and coarse aggregates. High values at relatively high temperatures
would also indicate a general resistance to rutting and shoving. Valley
City resilient modulus values are generally high and are typical of highway
recycled mixtures. High values at relatively low temperatures would indicate

the potential for thermal transverse and longitudinal cracking and fatigue
cracking.

Indirect tensile strength is a measure of the splitting tensile strength
of the core but is not a parameter that is presently used in mix design
methods. The values were calculated to compare past recycled projects with
Needles and Valley City. The tensile strength (before Lottman) at Needles
is higher than past recycled projects while the tensile strength at Valley
City is a typical value.

The Lottman water susceptibility test method determines the water sus-

ceptibility of compacted asphalt-aggregate mixtures. Resilient modulus and
indirect tensile strengths are obtained before and after subjecting the

samples to conditioning. The values of the Lottman water susceptibility
test at Needles (87 percent retention) indicate that stripping and loss of
strength in the presence of water should not be a major problem. In Valley
City, water susceptibility values (25 to 35 percent retention) indicate the
potential exists for stripping and loss of strength in the presence of water.
Performance problems could exist if the mixture was subjected to damaging
moisture and freeze-thaw conditions.

Physical properties of the asphalt extracted from core samples are
presented in Table 6. The high viscosity value of 12,800 poises and the
low penetration value of 1.6 mm at Needles indicate a hard asphalt binder
exists. This may indicate rapid aging under the hot, dry climate or the
use of a less effective recycling agent. The values of 2,009 poises for
viscosity and 5.8 mm for penetration at Valley City Airport are typical
values expected for asphalt surfaces.

5
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Performance of Recycled AC Pavements

PCI values for virgin material AC pavement surfaces at Navy airfields
were obtained from a report 8 on the merits of the PCI procedure and numerous
Navy airfield pavement condition survey reports. PCI values and age of
surface were compared to each other and plotted. A regression analysis was
then completed through the Statistical Package for the Social Sciences
computer program using first, second, and third order equations. The evalu-
ation of the results shows the second order regression equation is the most
applicable to these data. Two parallel lines were developed by multiplying U,

the standard error by 1.96, which is based on the 95 percent probability
for normal distribution. These lines were then plotted on the graph, there-
fore creating a parallel confidence band of 95 percent. The 95 percent
parallel confidence band indicates that 95 percent of any data collected
from Navy airfields made of virgin material will fall within this band.
Figure 11 represents the virgin AC pavement data. The two data points
representing the condition of recycled surface material at the Needles and
Valley City airports are also shown in Figure 11. Needles PCI value is
well within the 95 percent confidence band while Valley City PCI is outside
the band on the low side.

The recycled surfaces have low volume traffic and light aircraft while
the virgin surface samples were used by heavier aircraft and subjected to
higher volume. The kneading effect of traffic tends to keep an AC pavement
"alive." Thus, assuming that heavier use is beneficial, PCI values at both
Needles and Valley City airports should be lower than Navy airfields of the
same age. This holds true for Valley City but generally in harsh climates,
as is found in North Dakota, any surface materials do not perform as well
as those in mild climates. The Needles airport recycled surface seems to
be in the same condition as would be expected of a virgin surface.

FINDINGS

1. At the initiation of this study, inquiries made at all FAA Regional
Offices revealed that recycling AC into new surface courses has been used
at five airports, and recycling AC into base courses has been used at 20
other airports. The locations of the airports where the aged AC pavements
were recycled into new surface courses are: Kingsford, Michigan; Valley
City, North Dakota; Needles, California; Santa Maria, California; and
Prescott, Arizona. The recycled pavements at Needles (Runway 2-20) and
Valley City (taxiway) were selected for further investigation. Both of
these airports have general aviation traffic of low volume.

2. The results of the condition survey of the recycled pavement at the two
selected airports are:

8Naval Civil Engineering Laboratory. Technical Memorandum M-53-83-02: Com-
parison of PCI and weighted defect density airport pavement condition survey
methods, by M.C. Hironaka and N.F. Shoemaker, Port Hueneme, Calif., Aug 1983.

6
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Needles, CA Valley City, ND

Pavement surveyed Runway 2-20 Taxiway

PCI 85 75

Condition Rating Very Good Very Good

Distress Types and Severity

Longitudinal & Transverse Cracks Low Low

Raveling Low Low

3. The results of the laboratory tests on core samples taken from the
two airports are:

Needles, CA Valley City, ND

Marshall Stability (lb) 3,160 773

Flow (0.01 in) 27 21

Asphalt Content (% by weight) 6.9 6.2

Penetration at 770F (0.1mm) 16 58

Viscosity at 1400F (poises) 12,800 2,009

Comparing properties of recycled highway pavements with the above, the
Marshall stability and flow are high for Needles Airport. The high flow
value suggests an excess asphalt content and the low penetration and high
viscosity indicate that this asphalt binder is hard. This hard binder
may be the result of rapid aging under the hot, dry climate or the use of
a less effective recycling agent. For Valley City, the Marshall, stability
is low but the flow is typical. of other recycled pavements. The penetration
and viscosity are typical values expected for asphalt surfaces.

4. A regression analysis of PCI values versus age for Navy pavements
constructed with virgin AC materials was made. The comparison of the
results from this analysis with the values for the two recycled pavements
surveyed showed that the performance of the pavement at Needles, California
is within the 95 percent parallel confidence band and the pavement at
Valley City, North Dakota is slightly outside this band on the low side.
The performance of this latter pavement may be due more to the harsh environ- %.
ment rather than the pavement being constructed out of recycled material.

.J.I

.5

CONCLUSIONS

Properties of the two recycled airport pavements investigated in
this study are similar to those of previously recycled highway pavements.

The performance, in terms of deterioration rate of the PCI with respect

7 
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to time, of the two recycled pavements has a tendency to be lower than that
for AC surfaces constructed with virgin materials at Navy airfields. The
results of laboratory tests conducted on core samples showed that the pave-
ment at Needles has been subjected to rapid aging under the hot, dry climate
or that a less effective recycling agent was used. For the recycled pavement
at Valley City, the high air voids, low modulus, and low percent retained
values of resilient modulus and indirect tension after Lottman immersion
indicate a possible asphalt stripping problem.

RECOMMENDATIONS

Based on the results of this limited study, it is recommended that
the following research be performed relative to recycled AC airport pave-
ments:

1. Long term assessment of durability and performance of recycled AC
pavement with various types and amounts of recycling agent and proportions
(recycled versus virgin material) used, and under various climatic condi-
tions.

2. A comparative study on a normalized basis of the performance of recycled
AC versus AC made with virgin material to positively determine the relative
performance characteristics of recycled pavements.

3. Assessment of the performance of recycled AC pavements under structural
loadings and repeated traffic effects.
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TABLE 2. SUMMARY OF SAMPLE UNITS SURVEYED AND PCI VALUES FOR

THE RUNWAY AT NEEDLES AIRPORT (From Reference 7)

Sample Sample PCI

Unit Unit Value Rating

Number 
Area, ft

2

3 5,250 87 Excellent

7 5,250 86 Excellent

11 5,250 84 Very Good

15 5,250 84 Very Good

19 5,250 87 Excellent

23 5,250 85 Very Good

27 5,250 80 Very Good

31 5,250 81 Very Good

35 5,250 85 Very Good

39 5,250 88 Excellent

43 5,250 87 Excellent
-"47 5,250 84 Very Good

51 5,250 82 Very Good

55 5,250 85 Very Good

59 5,250 83 Very Good
63 5,250 88 Excellent

67 5,250 82 Very Good

Total 89,250 --.

Mean -- 85 Very Good

Standard
Deviation 2.43 --

Coef. of

Variation, % 2.86

% ,% %• ." o%' % % % • • % - , ." . -.- o---'

-06.



TABLE 3. SUMMARY OF SAMPLE UNITS SURVEYED AND PCI VALUES FOR

THE TAXIWAY AT THE VALLEY CITY AIRPORT

(From Reference 7)

Sample Sample FCI
Unit Unit ValueRating

Number Area, ft
2

1 5,000 75 Very Good

2 5,000 73 Very Good

3 5,000 76 Very Good

4 5,000 75 Very Good

5 5,000 71 Very Good

6 5,000 74 Very Good

7 5,000 77 Very Good

8 5,000 75 Very Good

Total 40,000 --.

Mean -- 75 Very Good

Standard
Deviation 1.85

Coef. of
Variation, % 2.47

J,
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TABLE 6. AGGREGATE AND BINDER TEST DATA FROM NEEDLES AND
VALLEY CITY AIRPORTS (From Reference 7)

Project Description ,

Sieve Needles Valley City Airport

Size Airport Surface AC Base AC

Percent Passing by Dry Weight

3/4 in 100 100 100
1/2 in 96 90 89

3/8 In 85 76 78
No. 4 71 56 57

No. 8 56 39 44

No. 16 43 25 32
No. 30 30 15 19

No. 50 20 10 13

No. 100 11 5 8

No. 200 6 3 4

Asphalt Content, % 6.9 6.2 6.4

(by weight of mix)

Penetration 16 58 25

at 77 'F, 0.1 mm

Viscosity 12,800 2,009 17,000

at 140 'F, poises

p. * %

.1.

Vj:



c - -- - - - -

I "'. &.Aft

If 

-

%

Ri I t4 II4 1C4
4 M

54.A~~I I1 It I 0 I I I I :

W.0

-0 L CD 0 * 0 CD I 0 I II0 0 0
o0 0 0 0 0

PIN N n N I I II I II

-C C

-4-

C, 00

w - .4 04 ON -4 W

> -.----- 

-I-19 N m-N

Li u 0j 0

-p w )K w C x
0 P ~ N - ... .4 - N - .4 -4



4-11

0n w

L W z

IDI

z(n

-o

T .- ...... T T - 4-t

%- 2
64..



- -' - - -. -- - - IF

le

u CL

L

eLn

EL--. a

-- a.o

_ . 1.-e--~ A-<
_D L)-

0 0 -<

Go <

tB--~. U

f~l-. -- K ~.Fr -

---- i j=Ql~~

ISI

If OP



C14

c j C,

MHON NOILVI~IO3H AIHNOW VIO

19'

Ns,



'71

I0 0

r4-

*~ I4

-4

*~ 0'



FIGURE 5. OVERALL VIEW OF RUNWAY 2-20 AT NEEDLES AIRPORT, NEEDLES, .
CAMIFORNIA.
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FIGURE 9. SAMPLE UNIT LOCATION PLAN, BARNES COUNTY MUNICIPAL AIRPORT,

VALLEY CITY, NORTH DAKOTA.
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FIGURE 10. TYPICAL PAVEMENT DEFECTS (CRACKING AND RAVELING OF LOW
SEVERITY) AT BARNES COUNTY MUNICIPAL AIRPORT, VALLEY CITY,.
NORTH DAKOTA.
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APPENDIX A

TESTING PROCEDURES

(After Reference 7)

Marshall Stability and Flow

The Marshall test was developed in the late 1930s and early 1940s by
the Mississippi State Highway Department and the U.S. Army Corps of Engi-
neers. The test is used by a large number of states, the Department of
Defense, and several foreign countries. The test method is an integral
part of a mix design procedure used for selecting asphalt binder contents
for asphalt-aggregate mixtures. Marshall stability and flow values are
measures of a mixture's ability to resist plastic flow. The standard
test method used is the American Society for Testing and Materials (ASTM)
Designation D 1559, located in the Annual Book of ASTM Standards, Section 4,
Volume 4.03. Normally, mixtures with high Marshall stability and low
flow do not shove, corrugate, or rut under traffic. b.y.

Criteria for Marshall stability and flow as used for airport mix
design purposes on laboratory mixed and laboratory compacted samples are
500 to 1800 pounds minimum for stability and <.20 inches for flow. Marshall
stability and flow criteria for core samples have not been established.
Cores obtained from newly constructed pavements will normally have stability
values lower than those obtained on laboratory mixed and compacted samples.
Differences in air voids, binder stiffness, and orientation of aggregate
particles account for some of these differences. '!

Resilient Modulus

Resilient modulus is a measure of an asphalt aggregate mixture's
ability to distribute traffic loads and is approximately equal to the
elastic modulus (ASTM Designation D 4123). Resilient modulus can be
measured over a temperature range. A Mark III Resilient Modulus Device
developed by Schmidt was used for testing. A diametral repeated load is
applied for a duration of 0.1 second while monitoring the lateral deforma-
tion of the specimen.

At the present time, the resilient modulus is not a parameter used 4..

in standardized mix design methods. Typical values for resilient modulus
at 77 *F and 0.1 second load duration are between 200,000 and 600,000
pounds per square inch (psi) for laboratory mixes and compacted samples. 7_ B

Typical values of resilient modulus over a temperature range are shown in
Table 7 for core samples obtained from recycled pavements 1 to 5 years of
age. J."JHigh values of resilient modulus indicate a good load traffic distri-

buting capability of materials. However, high values at low temperatures
indicate a potential for thermal cracking (transverse and longitudinal
cracking pattern) and fatigue cracking pavements with relatively thin
sections of asphalt concrete. High values of resilient modulus at rela-
tively high temperatures indicate a general resistance to rutting and
shoving. The resilient modulus is dependent on temperature and time of
loading.
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Indirect Tensile Test U
The indirect tensile test (splitting tensile, ASTM Designation D 4123)

procedure involves loading a sample diametrically along its vertical plane

which results in a nearly uniform tensile stress along the axis of loading
and away from the loading strips. The tensile stress is calculated from
the equation below.

a 2 Px _td

where: P - total load applied
t = thickness of specimen
d = diameter of specimen

The indirect tensile test can be performed at various temperatures and
loading of deformation rates. Typically, the test Is performed at 77 'F
with a deformation rate of the loading head equal to 2 inches per minute.

At the present time the indirect tensile test is not a parameter
used in standardized mix design. Typical values for tensile strength at 4
77 'F and 2 inches per minute are 100 to 200 psi for laboratory mixed and
compacted samples. Typical values for core samples obtained from recycled g

pavements 1 to 5 years of age are shown in Table 7.

Lotiman Water Susceptibility

This test method is utilized to determine the water susceptibility .I
of compacted asphalt-aggregate mixtures. The test procedure is defined
in "Predicting Moisture-Induced Damage of Asphalt Concrete" by R.P. Lottman,
NCHRP Report 192, TRB, 1978 and involves the vacuum saturation of a compacted
sample and subjecting the sample to a freeze-thaw cycle. Resilient modulus
and indirect tensile strengths are obtained before and after subjecting
the samples to conditioning. "'Several state departments of transportation utilize these methods as _

part of their specification for asphalt-aggregate mixture. Retained
Indirect tensile strength above 60 to 70 percent are usually specified
for laboratory mixed and compacted samples. Typical values for core
samples obtained from recycled pavements 1 to 5 years of age are shown in
Table 7.
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